Neutrino flux propagating in a fluctuating plasma is substantially reduced due to the phenomenon of Anderson localization. We show that this effect can be significant for solar neutrinos, thus requiring rethinking of conventional solutions to the solar neutrino puzzle.
Various astrophysical and terrestrial netrino experiments are strongly indicating on anomalous reduction of neutrino fluxes contrary to expectation based on the Standard Model of particle physics (see e.g. recent reviews [1] - [3] ). Most natural explanation of these observations is provided by the phenomenon of oscillations of neutrino flavours [4] [5] [6] which appeares in the case of massive non-degenerate neutrinos with nontrivial mixing of different flavours. From the more theoretical side, however, it is rather difficult to find a natural pattern of neutrino masses and mixings that reproduces all existing observations. In this respect it is important to investigate other possible phenomena which might affect standard oscillation scenario.
In this paper I would like to discuss propagation of neutrinos in fluctuating plasma. Wave propagation in random media exhibits a spectacular quantum effect known as the Anderson localization [7] . Intuitively it can be understood as a destructive interference of the incident waves and the waves reflected from randomly distributed potentials that results in the formation of the localized states. Although this phenomenon has been first discovered in the solid state systems, it is universally applied to any system of waves propagating in random media. I consider the solar plasma as such a random media and verify below whether the effect of localization is significant enough to affect standard oscillation picture of solar neutrinos.
Electronic neutrinos are produced in the plasma of the sun in thermonuclear processes described by the microscopic weak interactions. Subsequent propagation of neutrinos are typically described by the ultra relativistic Schroedinger equation where the Hamiltonian contains the effective weak potential
where G F = 1.166 · 10 −5 CeV −2 is the Fermi constant and ρ e is the local density of electrons in plasma. Usually this density is assumed to be constant (adiabatic approximation) or having some regular profile (e.g. Landau-Zener approximation). In the case of massive neutrinos the flavour and the mass (propagating) neutrino eigenstates are not equivalent and are related to each other by the unitary transformations. The potential (1) provides a crucial contribution in the standard oscillation scenario which could lead to a resonant transition of electronic neutrinos to neutrinos of other flavours [8] , [9] . Since we are aiming to discuss essentially different effect, we completely ignore neutrino masses and hence the flavour mixings here. What we would like to consider is the fluctuations over the homogeneous 'background' potential V w . For the sake of simplicity, we consider one-dimensional random potential, V (r), distributed in the direction of neutrino propagation, r. We assume this potential to be the Gaussian white noise potential, i.e.
with < V (r) >= V w .
The parameter D in (2) measures the strength of the randomness. The wave function of neutrino propagating with energy E can be written as
where φ(r) satisfies the Schroedinger equation:
Quantum dynamics of the system described by the equations (5), (2) and (3) can be analyzed by the effective partition function
where the action S is:
In the above equations we have defined the shifted potential asṼ = V − V w and ω 2 = E 2 − EV w . Now, it is easy to calculate one-loop self-energy correction to the free propagator of φ:
Thus the modified propagator in the momentum space looks as
Then, we can find for the wave function φ:
One can see that φ(r) → 0 exponentially for r → ∞. This is nothing but the phenomenon of Anderson localization. Thus, propagation of neutrinos in a fluctuating plasma is qualitatively different from the propagation in regular plasma: the survival probability, P νe→νe (r 0 ), of neutrinos in random plasma vanishes exponentially far from the source (r 0 → ∞):
Solar neutrino experiments found roughly twice reduced flux of neutrinos from the sun. Since the energy of solar neutrinos vary in the range E ≈ 0.42 − 15 MeV >> V w , we can safely approximate ω ≈ E. Now, if we ignore all other possible sources of the reduction of solar neutrino fluxes (e.g. neutrino oscillations), we can estimate the parameter D to be
where we have used R ⊙ = 6.96 · 10 5 km for the solar radius. Given the above estimation for D we can also estimate correlation lenght for density fluctuations:
for the mean value of the potential V w ≈ 1.3 · 10 −11 eV. Note that this correlation lenght is much smaller than the neutrino oscillation length l osc ≈ 100 km extracted from the reactor neutrino experiments. Also, it is obvious that l is too small for the corresponding density fluctuations to be detectable by the methods of standard helioseismology. On the other hand, l by an order of magnitude larger than the mean free lenght for the electrons in the sun, l free ≈ 10 cm, so that the hydrodynamical approximation in our calculations is still valid.
Needless to say, that more detailed analysis of effect of the fluctuating plasma, e.g. the full spacetime stochasticity, boundary effects due to the multilayer structure of the sun, etc., is desirable. However, what the above simple consideration already shows is that the effect might be significant indeed. If so, the standard oscillation picture would require reconsideration. Finally, the phenomenon discussed in this paper might be relevant for the supernova neutrinos as well.
